Introduction {#Sec1}
============

The main cause of leishmania type parasites is leishmaniasis. Four types of leishmaniasis have been studied in the literature \[[@CR1], [@CR2]\]. Among them is cutaneous leishmaniasis (CL) which is considered to be the most widespread form of leishmaniasis caused by L.tropica and L.major. The macrophagic cells of the host are attacked which results in lesion skin on uncovered parts of the body such as the legs, arm, and face. The parts of the world which are endemic to this disease are South America, Europe, and Asia. The disease is declared as one of the most dangerous diseases in the world by the WHO as the spreading rate of new cases per year is very fast (more than a million). The ten countries which together account for 70--75% of the global estimated CL incidence are Peru, CostaRica, North Sudan, Ethiopia, Syria, Iran, Brazil, Colombia, Algeria, and Afghanistan \[[@CR3]\].

Bloodsucking and flies are the main transmitters of this disease. Throughout the world, 700 species have been spotted out, in which 37 species are recognized in Pakistan. Recently, in Pakistan cutaneous leishmaniasis (CL) spreads in the North-West part of the country, which in results killed a lot of people. Khyber Pakhtunkhwa (KPK) one of the provinces of Pakistan has been widely affected by CL, particularly the tribal areas. The same province was previously hit by CL in 1997 where an afghan refugee camp was situated \[[@CR4]\]. At that time, Kabul (Afghanistan) was badly affected by the CL and due to cross-border movement the infected migrant carriers were the main cause of the epidemic in the refugee camp.

The transmission of parasites is carried out by the species of genera Phlebotomus type. The sand flies are the main transmitter of these parasites. The habitat of these flies enjoys a wide range i.e from desert to tropical rain forest. Not only this but also have several hosts in which dogs, chickens, humans, mammals, livestock, and vertebrates are considered to be the main hosts \[[@CR5]\]. The color of these sand flies is sandy and normally they are 2--3 mm long. The latent period of these sand flies is considered to be between three and seven days \[[@CR6]\]. From the ground level, the sand flies attain 2.51 m (8.3 ft) as it maximum height \[[@CR7]\]. The incidental transference risk of blood-borne pathogens of humans is reduced by the use of animal blood and is considered to be cheaper than the conservation of animals and their preparation for feeding sand fly \[[@CR8]\]. The fecundity of species is badly affected by the extreme temperatures \[[@CR9]\]. Some recent studies on Cutaneous leishmaniasis epidemic models are described in \[[@CR4], [@CR5], [@CR10]--[@CR14]\].

In order to approach the infected population to extinct rapidly, we introduce the harmonic mean type of incidence rate between susceptible humans and infected vectors, and also between susceptible vectors and infected humans. Indeed mean of two values is the measure of centrality of a set of data. Geometric mean is primarily used to average ratios or rates of change of data. As for as harmonic mean is concerned, it is less sensitive for a few large values as compare to arithmetic or geometric means. It is sometimes used for highly skewed variables. The harmonic incidence rate shows the prospect of having the population approaches to extinction in a finite time but more rapidly as compared to other incidence rates. As compared to others, the harmonic mean is a better incidence rate when the number of individuals is defined in relation to the same unit. Moreover, in many situations, the harmonic incidence rate provides a true average of the rates and ratios. It is particularly sensitive to a single lower-than-average value.

The summary of our article is, to elaborate the CL epidemic model in Sect. [1](#Sec1){ref-type="sec"}. In Sect. [2](#Sec2){ref-type="sec"}, the CL epidemic model is formulated and the threshold value $\documentclass[12pt]{minimal}
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                \begin{document}$$R_0$$\end{document}$ of the model is achieved by using next-generation method. If the human is susceptible and the sand fly is infected with CL, then the biting of humans by the sand flies would result in the transmission of CL stains to the humans. The direction of transmission is denoted by the term $\documentclass[12pt]{minimal}
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                \begin{document}$$ab_1$$\end{document}$ in the basic reproduction number. If the sand fly is not infected and the human is infected with CL, then clearly $\documentclass[12pt]{minimal}
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                \begin{document}$$ac_1$$\end{document}$ in the basic reproduction number is rightly indicating the secondary infections to sand fly from humans. So basic reproduction number represents the transmission of CL strains between humans and sand flies. This shows that the obtained basic reproduction number for our model is biologically meaningful. Some conditions are imposed on the threshold value to show the local and global stabilities of our proposed model in Sects. [3](#Sec5){ref-type="sec"} and [4](#Sec8){ref-type="sec"}. The sensitivity analysis of the reproduction number is presented in Sect. [5](#Sec11){ref-type="sec"}, and the most sensitive parameters are highlighted. On the basis of sensitivity analysis, control strategies can be introduced in the model. These strategies will reduce the effect of the parameters with high sensitivity indices, on the initial transmission. The model will then be used to determine the cost-effective strategies for eradicating the disease transmission. Numerical simulations are carried out with the help of the Runge--Kutta fourth-order procedure in the last section.

Model formulation {#Sec2}
=================

Mathematical modeling of epidemic diseases have been widely studied by researchers \[[@CR15]--[@CR18]\]. In this section, CL epidemic model is presented consisting of seven classes. These classes are classified into four human population subclasses i.e $\documentclass[12pt]{minimal}
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                \begin{document}$$R_h(t)$$\end{document}$, denoting the susceptible, exposed, infected, and recovered people. The three vector population subclasses i.e $\documentclass[12pt]{minimal}
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                \begin{document}$$I_v(t)$$\end{document}$ represent susceptible, exposed, and infected vectors. $\documentclass[12pt]{minimal}
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                \begin{document}$$N_h(t)$$\end{document}$ represents the total human population i.e $\documentclass[12pt]{minimal}
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                \begin{document}$$N_h(t) = S_h(t) + E_h(t) + I_h(t) + R_h(t)$$\end{document}$.
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                \begin{document}$$\Gamma _h$$\end{document}$ is the new recruitment of humans to susceptible class $\documentclass[12pt]{minimal}
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                \begin{document}$$S_h$$\end{document}$. The infected vector i.e sand fly bites the susceptible humans, and they are infected at the rate of $\documentclass[12pt]{minimal}
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                \begin{document}$$ab_1\bigg (\frac{2I_v(t) S_h(t)}{I_v(t)+S_h(t)}\bigg )$$\end{document}$, where transmission probability of CL to human from the sand fly is denoted by $\documentclass[12pt]{minimal}
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                \begin{document}$$b_1$$\end{document}$, and the sand fly biting rate is represented by *a*. $\documentclass[12pt]{minimal}
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                \begin{document}$$\theta $$\end{document}$ shows the rate due to which the uninfected exposed humans are recovered and $\documentclass[12pt]{minimal}
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                \begin{document}$$k_1$$\end{document}$ is the rate due to which the exposed humans get infectious. $\documentclass[12pt]{minimal}
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                \begin{document}$$\beta $$\end{document}$ is the rate that shows the natural recovery of humans from infected class. The infected humans after being bitten by the sand flies infect the sand flies at the rate $\documentclass[12pt]{minimal}
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                \begin{document}$$ac_1\bigg (\frac{2I_h(t)S_v(t)}{I_h(t)+S_v(t)}\bigg )$$\end{document}$. $\documentclass[12pt]{minimal}
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                \begin{document}$$\mu _h$$\end{document}$ is the natural death rate in humans, while $\documentclass[12pt]{minimal}
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                \begin{document}$$\mu _v$$\end{document}$ shows the natural death rate in sand flies. The CL probability of transmission from humans to sand flies is represented by $\documentclass[12pt]{minimal}
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                \begin{document}$$k_2$$\end{document}$ is the rate which shows transmission of sand flies exposed class to infected class. The model is given below:$$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} \left\{ \begin{array}{l} \frac{{\text {d}}S_h}{{\text {d}}t}=\Gamma _h - ab_1\bigg (\frac{2I_v(t)S_h(t)}{I_v(t)+S_h(t)}\bigg )-\mu _h S_h(t),\\ \frac{{\text {d}} E_h}{{\text {d}}t}=ab_1\bigg (\frac{2I_v(t)S_h(t)}{I_v(t)+S_h(t)}\bigg )-(k_1+\theta +\mu _h)E_h(t),\\ \frac{{\text {d}}I_h}{{\text {d}}t}=k_1E_h(t)-(\beta +\mu _h)I_h(t),\\ \frac{{\text {d}}R_h}{{\text {d}}t}=\theta E_h(t)+\beta I_h(t)-\mu _h R_h(t),\\ \frac{{\text {d}} S_v}{{\text {d}}t}=\Gamma _v - ac_1\bigg (\frac{2I_h(t)S_v(t)}{I_h(t)+S_v(t)}\bigg )-\mu _v S_v(t),\\ \frac{{\text {d}} E_v}{{\text {d}}t}= ac_1\bigg (\frac{2I_h(t)S_v(t)}{I_h(t)+S_v(t)}\bigg )-(\mu _v +k_2)E_v(t),\\ \frac{{\text {d}} I_v}{{\text {d}}t}=k_2 E_v(t)-\mu _v I_v(t), \end{array}\right. \end{aligned}$$\end{document}$$with$$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} S_h(t), E_h(t), I_h(t), R_h(t), S_v(t), E_v(t), I_v(t) \ge 0. \end{aligned}$$\end{document}$$Next, for the system ([1](#Equ1){ref-type=""}), we establish some basic results.

Basic properties of the model {#Sec3}
-----------------------------

Total population dynamics is represented by:$$\documentclass[12pt]{minimal}
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### Lemma 1 {#FPar1}
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                \begin{document}$$R^7_+$$\end{document}$ is invariant positively for the system described by ([1](#Equ1){ref-type=""}).

### Proof {#FPar2}
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### Lemma 2 {#FPar3}

Solutions (if exist) of system ([1](#Equ1){ref-type=""}) are positive under the initial conditions ([2](#Equ2){ref-type=""}), for all $\documentclass[12pt]{minimal}
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### Proof {#FPar4}

Let us assume that the solutions exists in *I*, for all $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$t\in I \subset [0, \inf )$$\end{document}$. Consider the second equation of ([1](#Equ1){ref-type=""}) and the solution of it has the following form$$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} E_h(t)= & {} E_h(0)\exp \{-(k_1+\theta +\mu _h)t\}+\exp \{-(k_1+\theta +\mu _h)t\}\nonumber \\&\times \int ^{t}_{0}\frac{2ab_1I_v(x)S_h(x)}{S_h(x)+I_v(x)} \exp \{(k_1+\theta +\mu _h)x\}{\hbox {d}}x. \end{aligned}$$\end{document}$$We also take the third equation and solution of it has the following form$$\documentclass[12pt]{minimal}
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The disease-free equilibrium point of system ([1](#Equ1){ref-type=""}) is denoted by $\documentclass[12pt]{minimal}
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Local stability {#Sec5}
===============
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At disease-free equilibrium point {#Sec6}
---------------------------------

### Theorem 3.1 {#FPar5}
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At endemic equilibrium point, {#Sec7}
-----------------------------

system ([1](#Equ1){ref-type=""}) is rearranged to get $\documentclass[12pt]{minimal}
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### Theorem 3.2 {#FPar7}
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### Proof {#FPar8}
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Global asymptotic stability {#Sec8}
===========================

At disease-free equilibrium point {#Sec9}
---------------------------------

For the model ([1](#Equ1){ref-type=""}), the global stability at disease-free point is achieved by taking into account the Castillo--Chavez approach \[[@CR19]\]. The method is summarized as, the proposed model ([1](#Equ1){ref-type=""}) is reduced into the following two subsystems given by$$\documentclass[12pt]{minimal}
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### Lemma 3 {#FPar9}

For $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$R_0<1$$\end{document}$, then the equilibrium point $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$E^0=(\chi ^{0},0)$$\end{document}$ of the system ([1](#Equ1){ref-type=""}) is said to be globally asymptotically stable, if the above conditions are satisfied \[[@CR19]\].

### Theorem 4.1 {#FPar10}

If $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$R_0<1$$\end{document}$, then the proposed model ([1](#Equ1){ref-type=""}) is globally asymptotically stable at disease-free equilibrium $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$E_0$$\end{document}$ and unstable otherwise.

### Proof {#FPar11}

Let $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\chi _1=(S_h, S_v , R_h)$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\chi _2=( I_h, I_v, E_h , E_v)$$\end{document}$ and define $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$E^0=(\chi _0,0)$$\end{document}$, where$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} \chi ^{0}_1=\bigg (\frac{\Gamma _h}{\mu _h},\frac{\Gamma _v}{\mu _v}\bigg ). \end{aligned}$$\end{document}$$By using model system ([1](#Equ1){ref-type=""}), we have$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} \frac{{\hbox {d}}\chi _1}{{\hbox {d}}t}= & {} G(\chi _1,\chi _2), \nonumber \\ \frac{{\hbox {d}}\chi _1}{{\hbox {d}}t}= & {} \left( \begin{array}{cc} \Gamma _h -ab_1\bigg ( \frac{2I_v(t)S_h(t)}{S_h(t)+I_v(t)}\bigg )-\mu _h S_h(t)\\ \Gamma _v -ac_1\bigg ( \frac{2I_h(t)S_v(t)}{S_v(t)+I_h(t)}\bigg )-\mu _v S_v(t)\\ \theta E_h(t)+\beta I_h(t)-\mu _h R_h(t) \end{array} \right) . \end{aligned}$$\end{document}$$For $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$S_h=S^0_h$$\end{document}$, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$S_v=S^0_v$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$G(\chi _1,0)=0$$\end{document}$ , we get$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} G(\chi _1,0)=\left( \begin{array}{cc} \Gamma _h -\mu _h S_h\\ \Gamma _v -\mu _v S_v \end{array} \right) =0. \end{aligned}$$\end{document}$$Thus, from equation ([29](#Equ29){ref-type=""}) as $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$t\rightarrow \infty $$\end{document}$, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\chi _1\rightarrow \chi ^{0}_1$$\end{document}$. So $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\chi _1=\chi ^{0}_1$$\end{document}$ is globally asymptotically stable. Now,$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} B\chi _2-\bar{H}(\chi _1,\chi _2)= & {} \left( \begin{array}{cccc} -(k_1+\theta +\mu _h) &{} 0 &{} 0 &{} 2ab_1S_h^0 \\ k_1 &{} -(\beta +\mu _h) &{} 0 &{} 0 \\ 0 &{} 2ac_1S_v^0 &{} -(\mu _v+k_2) &{} 0 \\ 0 &{} 0 &{} k_2 &{} -\mu _v \end{array} \right) \left( \begin{array}{c} E_h\\ I_h\\ E_v\\ I_v\\ \end{array} \right) \end{aligned}$$\end{document}$$$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned}&-\left( \begin{array}{cccc} 2ab_1S_h^0I_v^0-\frac{2ab_1S_hI_v}{S_h+I_v}\\ 0\\ 2ac_1S_v^0I_h^0-\frac{2ac_1S_vI_h}{S_v+I_h}\\ 0\\ \end{array} \right) . \end{aligned}$$\end{document}$$As $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$2ab_1 S^0_hI_v^0 \ge \frac{2ab_1 S_hI_v}{S_h+I_v}$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$2ac_1 S^0_vI_h^0 \ge \frac{2ab_1 S_vI_h}{S_v+I_h}$$\end{document}$, hence $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\bar{H}(\chi _1,\chi _2) \ge 0$$\end{document}$. Clearly, *B* is *M*-matrix and hence both the conditions are proved, so by Lemma 1, the disease-free equilibrium point $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$E^0$$\end{document}$ is stable globally asymptotically. $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\square $$\end{document}$

At endemic equilibrium point {#Sec10}
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### Lemma 4 {#FPar12}
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### Lemma 5 {#FPar13}
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Now, we apply the above techniques to prove the global stability of model ([1](#Equ1){ref-type=""}) at endemic equilibrium. Thus, we have the following stability

### Theorem 4.2 {#FPar14}
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### Proof {#FPar15}
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Sensitivity analysis {#Sec11}
====================

Determining the parameters which are helpful in decreasing the spread of infectious disease is carried out by sensitivity analysis. Forward sensitivity analysis is considered a vital component of disease modeling although its computation becomes tedious for complex biological model. Sensitivity analysis of $\documentclass[12pt]{minimal}
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Definition 1 {#FPar16}
------------
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Sand fly biting rate *a* has got the highest sensitivity index, i.e., 1, while $\documentclass[12pt]{minimal}
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Numerical simulations and discussion {#Sec12}
====================================

The RK4 method is a fourth-order method, meaning that the local truncation error is on the order of $\documentclass[12pt]{minimal}
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In this paper, we established global dynamics and sensitivity analysis of the anthroponotic cutaneous leishmania epidemic model. The sharp threshold parameter i.e basic reproduction number $\documentclass[12pt]{minimal}
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Conclusions {#Sec13}
===========

Recently, Covid-19 which was initially an epidemic but quickly become pandemic broke out in China. Covid-19 is locally as well as globally unstable till March, 2020. Similarly, from time to time cutaneous leishmaniasis (CL) also adopts the shape of the epidemic, particularly in Pakistan. That is why it is very necessary to model cutaneous leishmaniasis and discuss its local as well as global stability. Important parameters are highlighted which is sensitive to a threshold value commonly known as basic reproductive number. For endemic stability analysis, we consider the generalization of the Lyapunov method called a geometrical approach in which the third additive compound matrix is taken into account. The feasibility of our result is verified by numerical simulations.

Extending our work, one can use harmonic mean type incidence rate to reformulate the visceral leishmaniasis epidemic model. One can check its stability analysis, the sensitivity of parameters, bifurcation analysis, and optimal control.
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